Objectives: Among American Indians, prior research has found associations between early life trauma and the development of post-traumatic stress disorder (PTSD) in adulthood. Given the physiological changes associated with PTSD, early life trauma could indirectly contribute to chronic disease risk. However, the impact of early life trauma on adult physical health in this population has not been previously investigated.
| I N T R O D U C T I O N
There is growing interest in the hypothesis that exposure to stress in early life increases the risk of chronic disease in adulthood (Alastalo et al., 2013; Goodwin and Stein, 2004; Hochberg et al., 2011; Miller et al., 2011; Turner et al., 2016) . This process might reflect developmental tradeoffs that maximize short-term survival at a cost to health in later life (Gluckman and Hanson, 2004) . For example, in stressful environments, a stronger physiological response to stress might enable people to respond more quickly to threatening situations (Del Giudice et al., 2013) . However, such adjustments might compromise long-term health, since elevated stress reactivity could contribute to hypertension, neuronal degradation, or atherosclerosis (Sapolsky, 2004) .
This early life developmental model may be particularly useful for explaining high rates of chronic disease among populations with elevated exposure to stress in early life, such as American Indians (Duran et al., 2004; Sinclair et al., 2011) . Research in this population has found specifically high rates of trauma exposure, which can be considered a category of extreme stress exposures. However, extant research has not evaluated whether early life trauma exposure plays a significant role in the development of poor physical health among American Indian adults. Given other wellstudied risk factors for chronic disease in this population, including poverty and substance abuse (Holm et al., 2010) , it is unclear whether childhood trauma has an independent impact. Better understanding of this potential association could guide new prevention strategies to improve physical health for American Indian adults.
Mental illness is a pathway by which early life trauma can affect adult health (Enoch, 2011; Nikulina and Widom, 2013) . A landmark study in mental health research among American Indians, the American Indian Service Utilization, Psychiatric Epidemiology, Risk and Protective Factors Project (AI-SUPERPFP), demonstrated an association between early life trauma and psychiatric illness, including posttraumatic stress disorder (PTSD) (Libby et al, 2005) . As a mental disorder that can develop after a traumatic experience, PTSD is associated with a unique neuroendocrine and neurobiological profile (Zoladz and Diamond, 2013) . The physiological alterations associated with PTSD development are likely proximately associated with the development of physical health disorders, such as musculoskeletal pain, cardiorespiratory symptoms, and poor gastrointestinal health (Pacella et al., 2013) . In addition, PTSD has been associated with a doubled risk of developing coronary heart disease, even among PTSD-discordant twins (Vaccarino et al., 2013) . PTSD is more prevalent in American Indians than in the general US population; AI-SUPERPFP reported a lifetime prevalence of PTSD as high as 22.5% among women in one Southwest tribe, compared with 9.1% among non-American Indian women in the National Comorbidity Survey . It is therefore possible that early life trauma in American Indians contributes to poor physical health through the development of PTSD and accompanying physiological changes. However, no prior research has evaluated the potential relationship between early life trauma, PTSD, and adult physical health in this population.
The concept of allostasis, or stability through change, can assist our understanding of this relationship (Danese and McEwen, 2012) . Allostasis refers to the body's ability to maintain physiological functioning in the face of changing environmental conditions. While such responsiveness is generally adaptive, early life trauma, and PTSD are thought to contribute to wear and tear on biological systems. Known as allostatic load, this cumulative deterioration has negative effects on individual physiology and health (Stewart, 2006) . Allostatic load is assessed by analyzing a combination of anthropometric, neuroendocrine, immune, and metabolic biomarkers. These biomarkers can predict mortality risk, declines in cognitive and physical functioning, cardiovascular disease events, and diabetes (Mattei et al., 2010; Seeman et al., 2010) , providing a useful measure for assessing chronic disease risk in a preclinical sample. Allostatic load is associated with factors such as older age, lower socioeconomic status, and being single (Juster et al., 2010; Rainisch and Upchurch, 2013) . While PTSD has been associated with physiological changes consistent with allostatic load, to our knowledge only one study has specifically assessed the relationship between these variables. Conducted in an all-female sample, that study found a positive association between PTSD and allostatic load (Glover, 2006) . In addition, some evidence associates early life stress with heightened allostatic load in adolescence (Evans and Schamberg, 2009 ) and adulthood (Carroll et al., 2013; Danese and McEwen, 2012; Glover et al., 2010) . However, no extant research has empirically evaluated the relationship between early life trauma and allostatic load among middle-aged American Indian adults. This research is especially pertinent for American Indians and other populations with high rates of poor health behaviors that independently contribute to chronic disease.
This study builds on the results of AI-SUPERPFP and its follow-up study, Healing Hearts, by investigating the potential contribution of early life trauma to heightened allostatic load in a subset of the original study sample. We sought to determine whether early life trauma has a direct link with allostatic load, or whether the relationship is mediated by PTSD. Specifically, we simultaneously tested if: (1) early life trauma was related to PTSD, (2) PTSD was related to allostatic load, and (3) if early life stress was directly related to allostatic load or if the relationship was fully explained by PTSD (i.e., full mediation). The results of this analysis promise to contribute to our understanding of whether and how early life trauma experience may influence physical health in adulthood among American Indians. These findings can inform interventions aimed at lowering rates of chronic disease in this population.
| MAT ERIA LS AND METHODS
Data for our analysis were based on the study sample assembled by Healing Hearts, which enrolled a subset of the original AI-SUPERPFP sample. AI-SUPERPFP was conducted in 1997-1999 to evaluate the prevalence of mental health issues in a large sample of American Indians from the Northern Plains and the Southwest. Study methods were described in depth in a previous publication .
Healing Hearts, which was limited to a single Northern Plains site, compared participants with PTSD to non-PTSD controls who were matched for age, sex, and tribal affiliation. Approximately half of the Healing Hearts sample (90 of 197) had been diagnosed with lifetime PTSD. Exclusion criteria for Healing Hearts were overt cardiovascular disease, unstable angina, myocardial infarction in the past week, severe obstructive lung disease, decompensated heart failure, severe coronary disease, severe stroke, and other medical conditions that might compromise participant safety during travel to the study site in Aurora, Colorado. Oral steroids and medications such as theophylline or aminophylline were also criteria for exclusion. As a secondary data analysis of both AI-SUPERPFP and Healing Hearts study datasets, the present study received approval from the Colorado Multiple Institutional Review Board (#03-1028).
| S T U D Y M E A S U R E S
Early life trauma was assessed by an 11-item questionnaire during the AI-SUPERPFP study. It is analyzed in this study as a continuous measure indexing reported exposure to various types of trauma before age 13. Exposures were categorized as direct trauma exposure, exposure to traumatic news, and witnessing violence (Table 3 ; Whitesell et al., 2009 ). Each affirmative response to an exposure was scored as 1, and points were summed across items. Early life trauma subscales were analyzed both individually and in combination to create a total early life stress trauma, as analyzed in previous AI-SUPERPFP publications (Libby et al., 2005; Whitesell et al., 2009) .
PTSD status was originally diagnosed through a computer-assisted structured interview in the AI SUPERPFP study by using criteria from the Diagnostic and Statistical Manual, Fourth Edition (DSM-IV). This diagnosis was reassessed prior to enrollment in Healing Hearts using the Structured Clinical Interview for DSM-IVR to evaluate current PTSD diagnosis. This meant that participants who were classified as having PTSD had both lifetime and current diagnoses, while those in the non-PTSD group had neither lifetime nor current diagnoses. To meet DSM-IVR criteria, participants had to exhibit intrusion symptoms, avoidance, and enhanced arousal.
Biomarker measurements were conducted on samples collected and analyzed by the Healing Hearts study. Participants traveled to the University of Colorado Anschutz Medical School for a three-day visit. Anthropometric data, including height, weight, and waist circumference, were collected by physical examination. Blood pressure was collected in duplicate during the afternoon on two consecutive days, with the measures averaged across collection points. To measure blood lipids, blood was drawn at 8 am following an overnight fast. Participants were instructed to sit quietly for 30 min before the blood draw. Lipids were analyzed by using a Hitachi 747-200 automated analyzer. Total cholesterol was measured by using cholesterol oxidase colorimetry. High density lipoprotein (HDL) cholesterol was measured colorimetrically by using polyethylene glycol-modified cholesterol esterase and cholesterol oxidase to convert HDLcholesterol esters to 4-cholesternon and hydrogen peroxide. Glycosylated hemoglobin levels were determined in ethylenediaminetetraacetic acid-anticoagulated whole blood (3 mL) by fluorescence microparticulate enzyme immunoassay with the Abbot Laboratories IMX automated immunoassay analyzer. Fibrinogen was analyzed by using a prothrombin time-based assay. C-reactive protein was measured by using the Stachrom Protein C kit from Diagnostica Stago. Dehydroepiandrosterone sulfate (DHEA-S) was assayed by radioimmunoassay with Diagnostic Systems Laboratories. Epinephrine and norepinephrine were analyzed by using a high-performance liquid chromatographic method involving electrochemical detection.
Allostatic load was assessed with 13 measures that represent the functioning of all physiological systems identified in a comprehensive review as important indices for this variable (Juster et al., 2010) . The 13 measures represent the following systems: cardiovascular (systolic and diastolic blood pressure), immune (C-reactive protein, interleukin-6 (IL-6), and fibrinogen), metabolic (HDL, HDL to total cholesterol ratio, and glycosylated hemoglobin), neuroendocrine (norepinephrine, epinephrine, and DHEA-S), and anthropometric (body mass index and waist to hip ratio). Consistent with prior studies that utilize the allostatic load concept (Beckie, 2012) , each component of allostatic load was divided into quartiles. For each biomarker, participants in the top quartile (or the bottom quartile in the case of DHEA-S and HDL-cholesterol) received a score of 1 (Juster et al., 2010) . Scores were then summed across each system type (neuroendocrine, metabolic, immune, and anthropometric) to create a total score for allostatic load. The total allostatic load score and the score for each system type were analyzed as continuous variables.
Covariates included data on age, education, marital status, adult stressful events, and substance abuse, which were extracted from questionnaires administered by AI-SUPERPFP and analyzed in statistical models by the present study. Following the methodology of Libby et al. (2008) , adult traumatic events were assessed by using the same 11 questions as the early life trauma measure, but were limited to traumas that occurred when participants were at least 18 years old (Whitesell et al., 2009 ). The adult trauma variable was analyzed as the total number of exposures across the three categories of trauma exposure (direct trauma exposure, traumatic news, and witnessing violence). Substance disorders for alcohol and other drugs were categorized by using criteria previously published for this sample (Libby et al., 2008; Mitchell et al., 2003) . Participants were first asked if they had ever used one or more of eight different types of drugs (excluding alcohol); those who answered affirmatively were asked about lifetime and past-year patterns of abuse. Drug use and dependence were assessed by using DSM-IV criteria and combined into a single drug disorder variable. For alcohol use, all participants who provided a year of first drink were asked, "In any 1-year period of your entire life, did you have at least 12 drinks of any kind of alcoholic beverage?" Those answering affirmatively were further screened to diagnose alcohol abuse and dependence, which were combined into a single alcohol disorder variable.
Current smoking status, wake and sleep time, and data on use of prescription medications for psychiatric and cardiovascular conditions were also considered covariates. These data were collected during the Healing Hearts study. For wake and sleep time, participants were asked for the average time they woke and went to sleep on weeknights. Since altered sleep patterns are known to affect many of the biomarkers of interest, an "altered sleep" category, which could reflect either shift work or other unusual sleep patterns, was created for participants who reported going to sleep after 3 am. Participants who were taking medications for treatment of lipids, depression, diabetes, and hypertension were considered to be on medication. Lastly, biological sex was included as a covariate since there is evidence to suggest that males may be more sensitive to stressors experienced in early life than females (Stinson, 1985) .
| D AT A A NALY S IS
In this study all continuous variables were initially assessed for normality. Correlation analyses, linear regression, and structural equation modeling path analyses were used to evaluate our study questions. Examining mediation in a path analysis does not require a significant relationship between early life trauma and allostatic load (MacKinnon & Fairchild, 2009; MacKinnon, Lockwood, Hoffman, West, & Sheets, 2002) , particularly among subgroups of participants (e.g., those reporting PTSD vs. those reporting no PTSD) for whom the mediated effect might be of the opposite sign (MacKinnon & Fairchild, 2009) . Nonetheless, correlation analysis was first used to describe the bivariate relationships among early life trauma, PTSD, allostatic load, and sociodemographic and clinical variables. Path analyses were then used to determine if the link between stress in early life and allostatic load in adulthood was mediated by adult PTSD. One assumption of a single-mediator model is the absence of an interaction effect between the independent variable (early life trauma) and the mediating variable (PTSD) on the dependent variable (allostatic load; MacKinnon, Lockwood, Hoffman, West, & Sheets, 2002 ). This interaction was tested and found to be nonsignificant (unstandardized regression coefficient 5 20.11 (SE 5 0.72), P 5 .88).
Path analyses were also used to analyze the three categories of early life trauma (direct trauma exposure, witnessed violence, and violent news) and allostatic load (cardiovascular, metabolic, neuroendocrine, inflammatory, and anthropometric markers). Saturated models were first run to examine mediation while controlling for all covariates. Reduced models were then run, including only covariate paths that were statistically significant in at least one model. Mplus was used for the path analyses using robust maximum likelihood estimation (Muth en and Muth en, 1998). Missing data were estimated using full information maximum likelihood estimation (90% covariance coverage). Unstandardized regression path coefficients are reported, because the primary mediating variable (PTSD) is dichotomous, while the dependent variables across the models are continuous.
| RE SU LTS
The sample was primarily female and middle-aged (Table 1) . Participants who experienced early life trauma had higher rates of lifetime substance abuse disorders and PTSD, but the two study groups (PTSD vs. no PTSD) were otherwise similar across potential covariates. Tables 2 and 3 provide summaries of allostatic load scores and early life trauma exposures, respectively. The bivariate relationships between early life trauma, PTSD, allostatic load, and sociodemographic and clinical variables are shown in Supplemental Table 1. Early life trauma was significantly correlated with adult trauma, PTSD, and substance abuse (all P < .001), but not with allostatic load (r 5 0.02, P 5 .81). Adult trauma and PTSD were significantly correlated with each other and with substance abuse (all P < .003). The dependent variable, allostatic load, was also significantly correlated with PTSD and medication use (both P < .003).
Path analysis assessed whether PTSD mediated the relationship between early life trauma and allostatic load ( Figure   1 ). The path model for allostatic load demonstrated that early life trauma was related to PTSD [unstandardized regression coefficient 5 0.32 (SE 5 0.14), P 5 .02; OR 5 1.38, 95%, CI 5 1.04, 1.82], which in turn was related to allostatic load [unstandardized regression coefficient 5 0.72 (SE 5 .36), P 5 .045]. However, early life trauma was not directly related to allostatic load [unstandardized regression coefficient 5 0.14 (SE 5 0.10), P 5 .17]. Therefore, PTSD fully mediated the relationship between these two variables. Analysis of the three categories of trauma exposure found that direct trauma exposure was significantly related to allostatic load (Figure 2) , whereas witnessing violence and receiving traumatic news were not (Supporting Information Figures S1 and S2) .
Finally, in analyses of the subscales of allostatic load, paths in mediation models were statistically significant only for the neuroendocrine summary score (Figure 3) . Supporting Information Figures S32S6 present the nonsignificant path models for early life trauma and the other allostatic load subscales (anthropometric, metabolic, inflammatory, and cardiovascular systems).
| DISCUSSION
Prior research in this study sample was pivotal in demonstrating the high prevalence of mental disorders, such as PTSD, among American Indians, as well as the relationship between early life trauma and the development of these disorders (Beals et al., 2013; Libby et al., 2005) . Here, we build on those findings by establishing that individuals who experience early life trauma and subsequently develop PTSD have higher allostatic load, an index of physiological functioning, and that these effects are independent of other risk factors such as substance abuse, medication use, and education level. Our measure of allostatic load reflects functioning in multiple physiological systems. However, our analysis of subcategories suggests that, at least by middle age, neuroendocrine markers associated with stress physiology are most strongly associated with early life trauma and PTSD. These findings are consistent with the hypothesis that stress physiology is very sensitive to trauma and other types of stress exposure in early life (Danese and McEwen, 2012; Del Giudice et al., 2013) , particularly when such exposures occur in people who eventually develop PTSD. Our findings also accord with previous work that characterizes PTSD by alterations in neuroendocrine functioning (Zoladz and Diamond, 2013) . Although we did not find associations between early life trauma and other subsystems of allostatic load, altered neuroendocrine activity could contribute to poor functioning in those subsystems over time. For example, lower levels of DHEA-S have been associated with higher risk of cardiovascular disease in postmenopausal women (Shufelt et al., 2010) , and altered catecholamine levels can contribute to changes in immune function (Padgett and Glaser, 2003) . It is therefore possible that the strength of the association between early life trauma, PTSD, and allostatic load, as measured in the other physiological systems, will increase as affected people grow older.
Early life stress, including that not specific to trauma, has been theorized to contribute to elevated allostatic load in adulthood (Danese and McEwen, 2012) . Consistent with this hypothesis, one study of students in New York State found that adversity in childhood was associated with elevated F IG UR E 1 Early life trauma-allostatic load final path model with reduced covariates. Covariates that were statistically significantly related to at least one primary variable were included in the model. For presentation purposes, mainly statistically significant covariate paths are reported. Unstandardized regression coefficients are reported F IG UR E 2 Trauma exposure-allostatic load final path model with reduced covariates. For presentation purposes, mainly statistically significant covariate paths for the covariates are presented. Unstandardized regression coefficients are reported allostatic load in adolescence (Evans et al., 2007) . However, ours is the first study to empirically evaluate the relationship between early life stress and allostatic load in middle-aged American Indian adults. Notably, we controlled for adult exposure to stress, which prior research has shown to be greater in American Indians than in the general US population . Controlling for these exposures in analyses strengthens our finding that early life trauma had an independent impact on allostatic load among study participants. Nevertheless, given the robust correlation between early life trauma and adult trauma in our sample, it is likely that these exposures worked in concert to influence PTSD and increase allostatic load for most participants. Other literature suggests that chronic stress exposure in adults who also experienced chronic stress as children can have a significant effect on allostatic load and other health measures (Geronimus et al., 2006; Seeman et al., 2010) . Importantly, a recent study found that the relationship between early life adversity and allostatic load was similarly not removed after adjusting for adult socioeconomic status and stress, while the relationship between early life adversity and doctor diagnosed health status and self-rated health were (Turner et al., 2016) . This suggests that allostatic load may be particularly sensitive to early life trauma or other adverse experiences. However, additional longitudinal research is needed to understand the independent or interactive role of exposures across the life course in shaping long-term physiological functioning.
Clinically, the results of this study suggest that screening for early life trauma and PTSD in American Indians might enable early identification and treatment of PTSD, potentially forestalling later morbidity. Several empirically supported treatments have been developed for PTSD in children and adults, and mental health systems increasingly focus on assessing and treating trauma in people of all ages (Foa et al., 2008; Pollio et al., 2014) . Culturally acceptable efforts to prevent and treat PTSD are clearly needed for everyone exposed to early life trauma.
A key strength of this study is our unique dataset. We used biomarker data collected for the Healing Hearts study to build on prior research with the same sample demonstrating a link between childhood trauma and adult mental health. The high frequency of PTSD in this sample enabled us to evaluate whether PTSD mediated the relationship between early life stress and allostatic load. In addition, biomarker data were collected in a laboratory under controlled, standardized conditions, enhancing the reliability of markers sensitive to diurnal and activity-based variation.
Notably, there are many different ways to measure allostatic load (Juster et al., 2010) . In addition to choosing different variables for inclusion, studies also sometimes consider the use of clinical cut points or sex-specific cut-points. Neither substituting clinical cut points that were below our cut off values (e.g., BMI, CRP, HDL, systolic, and diastolic blood pressure) (Dobbelsteyn et al., 2001; Palaniappan et al., 2004; Ridker, 2003) nor generating sex-specific cut-points significantly changed our study results (data not shown). In addition, some studies choose to classify individuals who are on medication for specific disorders as having an elevated allostatic load score. Scoring individuals who were on medications for hypertension and dyslipidemia as having an elevated allostatic load score for systolic/diastolic blood pressure and HDL/HDL to total cholesterol ratio, respectively, also did not significantly change our results (data not shown).
While this analysis is the first to evaluate the relationship between early life trauma and adult allostatic load in American Indians, we note several limitations. First, early life trauma exposures were characterized only by retrospective data, which can be prone to bias. However, prior longitudinal F IG UR E 3 Early life trauma-neuroendocrine system final path model with reduced covariates. Covariates that were statistically significantly related to at least one primary variable were included in the model. For presentation purposes, mainly statistically significant covariate paths are reported. Unstandardized regression coefficients are reported
research on child abuse has found that people tend to underreport rather than over-report abuse, a trend that would weaken rather than strengthen any proposed relationship between reported early life trauma and allostatic load (Keyes et al., 2011) .
Second, the long-distance travel required for biomarker collection might have biased the Healing Hearts study sample, since the sickest participants in AI-SUPERPFP were the most likely to be excluded on the grounds of inability to travel. Again, this factor would likely weaken any statistical relationship between early life trauma and allostatic load.
Third, our study sample was primarily female. Nonetheless, menopausal status was not assessed by any measures, even though such status might have affected certain biomarkers under consideration. In addition, prior research suggests that men tend to be more sensitive than women to early environmental experiences (Stinson, 1985; Weinstock, 2007) . It is therefore possible that our results err on the side of conservativism, since a sample with a better gender balance might have revealed even stronger associations among childhood trauma, PTSD, and allostatic load.
In conclusion, our findings indicate that early life trauma, when resulting in the development of PTSD, is an important contributor to elevated allostatic load among American Indian adults. This contribution is independent of the effects of substance abuse as well as of similar trauma exposures in adulthood. Our findings are consistent with a growing literature suggesting that early life should be considered a sensitive period during which the effects of environmental exposures on human biology and physiological functioning are amplified. This process might represent an evolved capacity that emerged to facilitate adaptation to varying environmental conditions, but became maladaptive in contemporary society, where psychosocial stress is persistently and disproportionately experienced by socially disadvantaged populations (Thayer and Kuzawa, 2011) . Our results imply that interventions aimed at improving social environments and childhood development are more likely to optimize physiological functioning and well-being than interventions begun in adulthood (Shonkoff et al., 2009 ).
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